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INTRODUCTION
Adjunctive behavior is a member of a class of be
haviors which derives its reinforcing properties from a
functional interaction with a schedule of reinforcement
for another class of behaviors.

Furthermore, the oppor

tunity to engage in the adjunctive behavior is sufficient
to maintain an operant response.

The purpose of the

present study is to determine if the magnitude or dura
tion of opportunity to engage in an adjunctive effects
the strength of the operant which is performed for that
opportunity.
One of the most often cited examples of adjunctive
behavior is schedule induced water drinking, or poly
dipsia.

The original work (Falk, 1961a, 1961b, 1964,

1966a) in this area demonstrated that schedule induced
water drinking varies as a bitonic function of increases
in the interval between food presentations.

As the inter

food interval increases, the amount of water drinking
increases to some maximum value and then decreases.
The temporal relationship between adjunctives and
the supporting food reinforcement schedule suggests that
adjunctives do not occur as the result of adventitious
reinforcement.

The argument for adventitious reinforce

ment (Clark, 1962) states that post pellet drinking on a
1
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variable interval schedule is established initially when
drinking follows several pellets in close temporal seq
uence.

That is when short intervals follow drinking, the

lever press immediately following the drinking response
is reinforced, thus increasing the probability of post
pellet drinking.

Such drinking can be maintained if

enough short intervals occur in a variable interval
schedule.

Longer and longer periods of drinking can

further be maintained because the ratio of intervals
less than any given time increases as a function of time
on a closed loop variable interval tape.

This argument

is not sufficient for data collected on large intervals,
fixed intervals and fixed ratio schedules.

For example,

organisms have been trained to respond on large fixed
interval or ratio schedules of reinforcement without
the opportunity to engage in specific adjunctive be
haviors.

When such opportunity for adjunctives has

been made available by the introduction of a drinking
tube, adjunctive behavior emerges in a manner suggesting
that it is not maintained by adventitious reinforcement
(Thompson, 1964; Falk, 1966a; Gentry, 1968).
Similarities exist between polydipsia, schedule in
duced aggression and schedule induced escape.

Herrnstein

(1958; .1961) demonstrated that pigeons will perform an
operant to avoid the higher response requirement in a two
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key concurrent situation.

Other experiments have shown

that pigeons (Azrin, 1961) and rats (Thompson, 1964) will
emit escape responses on one manipulandum to produce time
out from the situation, and the number of escape responses
increases as the number of responses required in the fixed
ratio is increased.

In both studies, escape responses

typically occured during the post reinforcement pause.
These data show that escape responses and polydipsia occur
at the same time, and under similar conditions.

If escape

responding can be taken as a measure of aversiveness
of the schedule, then adjunctive behavior in general may
be dependent on the aversive properties of food reinforce
ment sche dul e s .
Aggressive behavior, defined as attack directed toward
another organism or an inanimate object occurs as a function
of an intermittent schedule of reinforcement.

Azrin, Hutch

inson and Hake (1966) demonstrated that attack occurs most
frequently just after the termination of continuous rein
forcement when continuous reinforcement is alternated with
extinction.

Gentry (1968) later demonstrated that attacks

do not occur during the absence of a food reinforcement
schedule, but only during its presence, when it typically
occurs immediately after reinforcement.

The absence of a

food reinforcement schedule was contrasted with extinction in
that the reinforcement mechanism was inoperative, and the
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response key was taped over for the entire session.
Instead, the fixed ratio schedule possessed periods of
extinction immediately after reinforcement, suggesting
that attacks occur as a function of the aversive proper
ties of the rienforcement schedule, induced by the
periodic termination of the availability of food rein
forcement.

Further supportive data (Knutson, 1970)

suggests that aggressive behavior increases as the
response requirement or inter-food interval increases.
Flory (1969) increased the inter-food interval without
a response requirement and noted an increase and then
a decrease of attack responses.

The bitonic function

obtained was similar to that obtained by schedule induced
water drinking in rats as a function of fixed interval
length (Falk, 1966b).

The absence of a response require

ment in this study suggests that the interval between
reinforcements is a critical variable producing attack,
which concurs with data on polydipsia with rate (Falk,
1961).
The opportunity to engage in adjunctive behavior can
be used to maintain an operant response.

For example,

squirrel monkeys will emit an operant response to gain
an opportunity to attack a rubber ball during inter
mittent shock presentation (Azrin, Hutchinson and
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McLaughlin, 1965).

Responding maintained by the oppor

tunity to attack has been recorded during fixed interval
food schedules (Richards and Rilling, 1972; Cherek,
Thompson and Heistad, 1973).

Such responses typically

occur immediately after food reinforcement with a de
creasing probability of occurance as a function of time
since food reinforcement.
In a series of four experiments with pigeons, Cherek,
et al (1973), explored the extent to which the opportunity
to attack will maintain an operant response in the pre
sence of a food reinforcement schedule.

Rate of response

on an attack key varied as a bitonic function of increasing
the inter-food interval from one to five minutes on the
concurrent food reinforcement schedule.

When the target

to be attacked was removed, rate of response on the
attack key decreased after an initial increase, indicating
that the operant response was maintained by the opportunity
to attack.

Further, it was demonstrated that the main-

tainance of the attack key response was dependent upon
intermittent food schedule, for when the food schedule was
removed entirely, responding on the attack key decreased
to a near zero level.
Based on the work of Cherek, et al (1973), which
concentrated on the schedule parameters on the controlling

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

food schedule, the present study was designed to deter
mine the extent to which behavior can be maintained by
the opportunity to attack.

This relationship was measured

by determining the duration of the opportunity to attack
required to maintain a particular ratio requirement by
using a progressive ratio schedule (Hodos, 1961; Hodos
and Kalman, 1963) to determine response strength.

On

this scehdule, an operant is reinforced according to a
ratio schedule in which the response requirement in
creases by a fixed number following each reinforcement.
Fro example, on a progressive ratio with an increment of
five responses (PrR 5), the organism must emit five
responses for the first reinforcement, ten for the second,
fifteen for the third, and twenty for the fourth, until
finally the session is terminated when the organism fails
to emit a response for a fifteen minute period.

The

fixed ratio value at which the organism ceases to
respond for fifteen minutes is defined as the "breaking
point".
The Hodos and Kalman (1963) procedure for deter
mining response strength with respect to reinforcement
magnitude consists of establishing a stable basal level
of the number of reinforcers obtained per session by
increasing the progressive ratio increment across sessions.
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After a stable basal level has been reached, reinforce
ment magnitude is manipulated, while changes in the pro
gressive ratio breaking point are measured.

Data show that

at high PrR increments, once a basal level of reinforce
ments obtained has been reached the number of responses in
the final ratio increases as a function of the volume of
the reinforcer, but at small PrR increments, progressive
satiation results in deterioration of performance.

When

the total session volume of the reinforcer is kept low
by a high response requirement, the total number of
responses emitted in the final ratio run bears a monotonic
relationship to increasing reinforcer volume (Hodos and
Kalman, 1963).
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METHOD
Subjects
Four experimentally naive male White Charneaux pigeons
served as subjects.

Two subjects were arbitrarily de

signated as target subjects, the other two were desig
nated as experimental subjects.

Target and experimental

subjects were arbitrarily matched.

All subjects were

housed individually with water and grit continuously
available.

The experimental birds were maintained within

+15 grams of their 75% free feeding weight.

Subjects

were exposed to the experimental procedure only when they
met this weight criterion prior to the session.

Target

birds were fed approximately 20 to 30 grams of Purina
Pigeon Grain per day, maintaining their ad lib weight.
Apparatus
The experimental chamber measured 35 cm by 35 cm
by 35 cm, with all manipulandum located on one wall.
A sketch of the apparatus is presented in Figure 1.

Two

response keys were transilluminated from behind with
white light, and each required a force of 12 grams to
produce a response.

The food aperture was centered

directly below both response keys.

A plexiglass sliding

door was located to the right of the food aperture.

A

pigeon with appropriate restraining apparatus equipped
8
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FIGURE LEGEND
Figure 1

Sketch of front panel of experimental chamber,
showing a) food schedule response key, b) attack
schedule response key, c) food aperture,
d) target access door.
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with a stabilimeter to measure movement of the target
subject was situated behind the door.

A force of 50 grams

against the target subject on the stabilimeter was nec
essary to produce a switch closure.
A switch closure of at least 200 msec, defined an
attack response.

The stabilimeter was recalibrated be

fore each experimental session due to variations in target
subject weight.
The response keys were darkened during food and
target subject presentation.
The experimental chamber was located in a ventillated
sound attenuated chamber with a white noise.

Contingencies

were programmed on electromagnetic relay circuitry lo
cated in an adjoining room.

Data were recorded from

electromagnetic counters and a cumulative recorder.
Experiment I
Procedure
Subjects were trained to peck the left key to produce
five seconds access to grain.

During this training, the

target key remained dark and inoperative until responding
on the left key was stable at a Fixed Ratio (FR) 120.
Target subjects were then placed in the restraining
apparatus with the sliding door blocked open, providing
the experimental subject with continuous opportunity to
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attack.

Once attacks reached 100 per session, the target

access door was'closed and the attack key made operative.
Every response on the attack key was followed by opening
the attack access door for 15 seconds providing an oppor
tunity to attack the target bird.

A changeover delay

precluded responses on one key from being reinforced by
grain or opportunity to attack within five seconds of a
response on the other key.

Each response on one key

started a five second timer which locked out responding
oh the other key until the five seconds timed out.
After five consecutive days of responding on the
attack and food keys, with attacks occuring to the target
subject during opening of the access door, the target
was made available on a Progressive Ratio 1 (PrR 1).
The PrR 1 schedule was programmed so that the ratio re
quirement after each reinforcement was increased by one
response.

Progressive ratio increments were increased

after a minimum of 10 days of stable responding on each
progressive ratio schedule.

Stability consisted of the

progressive ratio maximum completed run length showing
neither an increasing nor a decreasing function for the
last five days of the condition.

Progressive ratio values

were increased in value until a stable level of access
door openings per session was reached.
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The maximum run length was defined as the last com
pleted ratio run in a session terminated after 30 food
reinforcements.

The complete state notation for the

Concurrent FR 120 (Food), PrR 10 (Attack), with sessions
terminated after 30 food deliveries is depicted in Figure
2.

At the start of the session, the progressive ratio is

set at 10 (Ni=10), and following each target access door
opening (4/SR2) a second output (Ni=Ni + 10) specifies
that the next ratio is ten greater than the preceding one
The first- state set ends the session after 30 Z2 pulses,
which are produced following each food reinforcement
(States 6 and 7).

Food reinforcements are produced after

the 120th Rl, producing the transition from 2/SI to 3/SRl
The return to 1/S-^ does not reset the count for the in
dependently programmed PrR schedule.

The method for de

termining the maximum run length in this study differs
from earlier studies of progressive ratios.

In previous

studies (Hodos 1961; Hodos and Kalman, 1963), sessions
were terminated after 15 minutes of no responding on
the manipulandum.

In the present study, sessions ended

after 30 food deliveries, to preclude attack rate from
controlling number of food reinforcements per session.
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FIGURE LEGEND
Figure 2

Complete state notation of the Concurrent
FR 120, PrR 10, with sessions terminated
after 30 food deliveries.
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Results
The mean target door openings per session on the
attack key was calculated for the last five days of each
condition and presented for each bird in Figure 3.

The

mean target door openings for Subject 1 was 11 at PrR 1
with a range in data points from 14 to 8.

It decreased

to 7.4 at PrR 5 with a range of data points from 9 to 5
and leveled off to 6.4 at PrR 10 with a range of data
points from 10 to 4.

The mean target door openings for

Subject 2 was 19.4 at PrR 1 with a range of data points
from 21 to 16.

The mean decreased to 10.6 at PrR 5 with

a range of data points from 12 to 9 and leveled off to
9.2 at PrR 10 with a range of data points from 10 to 8.
These data show attack opportunities obtained leveling
off at approximately PrR 10.
The number of responses in the final completed ratio
run, termed the maximum run length, was plotted for each
of the last five days of each condition and presented
in Figure 3.

The maximum run length for Subject 1

increased from a mean of 11 responses at PrR 1 with a
range of data points from 14 to 8, to a mean of 37 re
sponses at PrR 5 with a range of data points from 45
to 25 and increasing further to a mean of 65 at PrR 10
with a range of data points from 100 to 40.

The maximum
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FIGURE LEGEND
Figure 3:

The maximum number of responses in the final
completed ratio run on the attack key, and the
total attack opportunities (the number of
target door openings) for the last five days
of each condition.
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run length for Subject 2 increased from a mean of 19
responses at PrR 1 with a range of data points from 20
to 16 to a mean of 53 responses at PrR 5 with a range of
data points from 60 to 45 and increasing further to a
mean of 92 responses at PrR 10 with a range of data
points from 1 0 0 to 80.
As the progressive ratio increment was increased,
the rate of attack for Subject 1 decreased from a mean
of 140 attacks per minute per opportunity at PrR 1 to
30 attacks per minute per opportunity at PrR 10.

The

rate of attack for Subject 2 remained stable at approxi
mately 40 attacks per minute per opportunity as the
progressive ratio response increment was increased.
Attack data are portrayed in Figure 4 for both subjects.
Experiment II
Procedure
In this study, experimental subjects were maintained
at PrR 10 on the attack key and FR 120 on the concurrent
food reinforcement key.

A change over delay precluded

responses on one key from being reinforced within five
seconds of a response on the other key.

Each response

on one key started a five second timer which locked out
responding on the other key until the five seconds timed
out.
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FIGURE LEGEND
Figure 4:

The attacks per minute per opportunity for the
last five days of each condition.

The mean

attacks per minute per opportunity are pre
sented as a horizontal line for each condition.
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PrR 10 was selected as a value at which responding
should be sensitive to magnitude of reinforcement, or in
this case, duration of opportunity to attack.

According

to Hodos and Kalman (1963) , larger PrR values are more
sensitive levels at which to measure the effects of
rienforcer magnitude on the PrR maximum run length.
Target access durations of 5, 15, and 30 seconds were
each employed for 10 consecutive days.

Sessions were

terminated after 30 food reinforcements.
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Results
The maximum run length data obtained on the attack
key for the last five days of each condition are pre
sented in Figure 5, as a function of increasing target
access durations.

For Subject 1, the maximum run length

at 5 seconds access had a mean of 24 responses with a
range of 30.

The maximum run length increased to a mean

of 38 responses at 15 seconds access with a range of 60,
and then decreased to a mean of 16 responses at 30 seconds
target access duration with a range of 10.

For Subject 2,

the maximum run length at 5 seconds access was at a mean
of 80 responses with a range of 110.

The maximum run

length increased to a mean of 92 responses at 15 seconds
access with a range of 20 and increased further at 30
seconds access to a mean of 140 responses with a range
of 50.
The mean attack rate for the last five days of each
condition are presented in Figure 6 .

Subject 1 showed

a general decrease in attacks per minute per opportunity
from 32 attacks per minute per opportunity at 5 seconds
target access duration to 15 attacks per minute per
opportunity at 15 seconds access, and decreased further
to 9 attacks per minute per opportunity at 30 seconds
access.

Subject 2 showed a stable attack rate as a
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FIGURE LEGEND
Figure 5:

Responses on the last completed ratio run ob
tained on the attack key as a function of
increasing the target access duration from 5
to 15 to 30 seconds.

Data represent the last

five sessions of each condition.

Means were

computed from the last five sessions of each
condition and are represented by horizontal
lines through each condition.
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FIGURE LEGEND
Figure 6 :

The attacks per minute per opportunity for
the last five days of each condition.

The

mean attacks per minute per opportunity are
presented as a horizontal line for each con
dition.
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function of increasing target access duration.

Attack

rate decreased from 30 attacks per minute per opportunity
at 5 seconds access to 20 attacks per minute per oppor
tunity at 15 seconds access duration, and increased to
33 attacks per minute per opportunity at 30 seconds
access.
In general, for Experiment II, maximum run length
and attack rate followed a non-monotonic relationship
for Subject 1.

Maximum run lengths for Subject 2 followed

a monotonically increasing pattern, while attack rate
remained stable accress increasing target access durations.
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DISCUSSION
The results of Experiment I indicate that the oppor
tunity to attack during an FR 120 food reinforcement
schedule will maintain an operant response on a progress
ive ratio schedule of reinforcement.

This schedule

performance reached a stable lower level as a function
of increasing PrR response requirement.

These data

compare favorably with data obtained with rats working
for food reinforcement on a PrR schedule (Hodos and Kalman,
1963), suggesting that the organism will emit enough re
sponses to obtain some minimum number of reinforcers.
However, as both subjects approached a stable lower
number of reinforcers obtained, the rate of attack responses
during attack opportunity did not vary systematically.
The data from Experiment II, Subject 1, do not in
dicate that response strength as measured by maximum run
length is sensitive to magnitude of reinforcement ex
pressed as duration of target availability..

However,

data from Subject 2 indicate that such response strength
is sensitive to the duration of target availability.
Both subjects attacked the target bird during the
opportunity to attack at all target access durations.
The relatively stable attack rate, expressed as attacks
per minute per opportunity, indicates that subjects were
29
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attacking more during longer access durations than during
shorter access durations.

Further support is located in

the raw data presented in Appendix A.
Examination of cumulative records revealed that most
PrR responses occured during the post reinforcement pause
of the concurrent food schedule, and responding continued
to the completion of each progressive ratio soon after
each food reinforcement.

Cumulative records also revealed

that attacks occured during most opportunities to attack,
with only two occasions during which a subject resumed
responding on the food key (which was dark and inoperative)
before the target access door had closed.
When attacks did not occur during opportunities to
attack, subjects were observed to preen, pace, flap their
wings, or lunge at the target bird for as long as the
target access door was open.

Such behavior has been

labeled as displacement activity, and constitutes a part
of a fighting or attack sequence of behavior (EiblEibesfeldt, 1970).

Preening, pacing, and wing flaps

were observed to occur immediately before recorded
attacks, further supporting ethological claims that these
behaviors are part of a fighting sequence of behavior.
A basic difference exists in the definition of PrR
maximum run length in the present study and breaking points
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in earlier studies of progressive ratios (Hodos, 1961;
Hodos and Kalman, 1963).

In all previously published

studies, the session terminated after 15 minutes of no
responding.

In state notation (Snapper, 1972), a pro

gressive ratio session is defined in Figure 7.

At the

start of the session, the progressive ratio is set at
10 (N^=10), and following each target access door opening
(State 2/Sr ) a second output (E/Ni=Ni+10) specifies that
the next ratio is ten greater than the previous one.

The

second state set interacts with the first by producing
a Z pulse after 15 minutes of no responding.

This Z pulse

produces state 3 /S 3 , which is the session termination.
However, session termination in the present study was
described in Experiment I, and diagrammed in Figure 2 as
a function of the presentation of 30 food reinforcers.
If the time since the last PrR response had been allowed
to control session termination, then responses on the
attack key would have controlled the total number of food
deliveries to the subject.

Such a response-reinforcement

relationship would be a confounding variable in determining
the response strength of the operants resulting in oppor
tunity to attack.

The modification in the reinforcement

schedule did not influence the reduction of the number of
target door openings obtained to a stable basal level
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FIGURE LEGEND
Figure 7

State Notation of Progressive Ratio schedules.
State notation of a Progressive Ratio Schedule
(Snapper, 1972).
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34
as a function of increasing the PrR increment (the
data in Experiment I parallel food reinforcement data),
therefore, it is difficult to attribute the insensitivity
of the procedure to target access duration in Subject 1
to the redefinition of session termination in the pro
gressive ratio used.
In summary, opportunity to attack will maintain an
operant response on a progressive ratio-schedule of
target bird access during a concurrent food reinforcement
schedule, a stable basal level of target door openings
obtained will be reached on the attack key as the PrR
increments are increased, and larger magnitudes of
target availability will maintain greater responding to
a limited extent.

The opportunity to attack reveals a

function similar to those obtained for food (Hodos and
Kalman, 1963), in that in both food and the present data,
organisms will emit responses to obtain some minimum
number of reinforcing consequences.

The maximum run

length in the present study and the breaking point in
food studies were both sensitive to the magnitude of the
reinforcing consequence, however the relationship was
limited by the data of Subject 1 in the present study.
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APPENDIX A
Raw and mean data for the last five days of each condition
for Experiments I and II.
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